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LHCb DATAFLOW IN RUN 3
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=» Calibrate in real time
@ Full reconstruction in software trigger
= 10 GB/s output
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[P. Koppenburg, LHCb-FIGURE-2019-010]

TURBO

We perform a full calibration in real
time. The output is ready to be used

for physics.

Plenty of collision events discarded, while the interesting are kept.
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[P. Koppenburg, LHCb-FIGURE-2019-010]

TURBO

We perform a full calibration in real
time. The output is ready to be used

for physics.

TURBO stores only the information needed for the analysis
=» Huge savings in time and cost
Nik|hef
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[FIGURE-2020-016]

LHCb DATAFLOW IN RUN 3
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LHCb ANALYSIS MODEL

Workflow for typical Run 3 analysis

@ Obtain Tuples from analysis production
job =¥ Slide

© Refine candidates =» will be > 1019 for
charm

@ Fit distributions of interest =» Slide

@ Determine efficiencies on simulation
weighted by common calibration samples

@ Run pseudoexperiments to properly assess
uncertainties =¥ Slide

Always: Make sure analysis is preserved and
reproducible
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@ Use conda to get shared analysis environment =» Chris Burr
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ANALYSIS PRODUCTIONS

@ Home
A Productions
@ Pipelines

& submissions
0 Mattermost
0 Documentation

© LHChDIRAC
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ANALYSIS PRODUCTIONS

‘example_tupling_full_line1 areease

Analysis
productions web
interface

Use JSROOT for allowing the output of test produc-
tions to be browsed.
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[Ferillo, LHCb-PROC-2022-004]

NTUPLES FOR ANALYSTS “FunTuple” uch TS
@ Access exactly the information that is used in HIt2 and sprucing
=» Use same functors

@ Have a fine granularity
=» The user defines variables one-by-one
o Our Tuples are essentially flat
o Now use TTree. Would love to try RNTuple!
© Be smart at configuration time

=» Use Gaudi::functional
=» Put all intelligence in PYTHON (e.g. classes that generate lists of functors)
=» C+-+ should just ship data around

Nik[hef
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https://cds.cern.ch/record/2806414

Sebastian Neubert and Mindaugas Sarpis

LHCb ANALYSIS MODEL
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Sebastian Neubert and Mindaugas Sarpis

LHCb ANALYSIS MODEL

SelectionData | 1 SelectionData ' 1 SelectionData ' 1 SelectionData
year: 15 ear: 16 ear: 1 year: 18

Lb2LcD*K snakemake
:\;;n;w;‘;‘:”;":(_ = ‘: , e ‘: " SelecionMc ": workﬂow D AG

Example

et et i S50 | et S5 00k || comeat i Spazonp Snakemake can
submit the
rrcebsmaneey ppallastog peeecsae e parallelized workflow
1 cronnet Crboso0gmmaK | | ot eSO » 1 chanve LeoRIBOpOK |
D BENG it T EEORE N S ) to cluster systems
- s with shared
[P— icences filesystem or to

Kubernetes based
sPlot cloud computing

sPiot i spiot
hyp: gamma hyp: pi0

(RooStats)

Moments

Fits: Most users use ROOFit from i s

modet Pca312 modet; Pcddd0

PYTHON, but others use in-house | T T
pI us Sta nd a rd P&yTHON tools h:f) ‘~ }i(mwlmj ! g U:nrz_sP—\m-lm—g ,, : U:nn_s?_\m-nn-g, "u:m-sv-\m_nn_g ' PijVlms /‘
Analysis 10

Niklhef

Patrick Koppenburg LHCb analysis model 11/05/2022 OT User's workshop [12 / 14]




D. Lucchesi [indico]

INNOVATIVE ANALYSIS TECHNIQUES

aka everything beyond RooFit.

@ GPU resources usage in analyses:

DNN for b- vs c- jet tagging, Cineca Bologna
Zfit and likelihood inference, Zurich

DNN and ultra-fast simulation Florence
Amplitude Analyses, Aix Marseille, CNRS/IN2P3
Charm Analyses, Manchester

Amplitude Analysis of A?, Tsinghua

s, Santiago

@ Analyses usually done on local facilities. Availability of clusters defines
implementation choices.

=>» Use of the powerful HIt1 GPU farm is considered
e Quantum Computing applications to HEP (Padova, CERN,
Maastricht. . . ) [Gianelle et al., arXiv:2202.13943]

Nik[hef
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Conclusion

©

The LHCb detector has undergone a major upgrade
Most analyses will be based on triggered candidates
=» Share of on- and offline software

©

Analysis workflows will change to cope with the high"rate
Many developments to exploit GPUs
=» And thinking about quantum computing

z

©

©

Contact: [ @pkoppenburg] [patrick.koppenburg@nikhef.nl]
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D. Lucchesi [indico]

STEPS TO ANALYSIS FACILITIES

# Several Tier-2, Tier-3, medium-large centers in US and in Europe are proposing AF
prototypes developed and supported by ATLAS/CMS = LHCb may want to participate
locally to these R&D

# LHCDb will leverage the very powerful GPU HLT1 farm

»# For the analysis, users want something easy to use, flexible and powerful enough...
needless to say

# Given the progress in HSF, the papers submitted to Snowmass and the proposed
prototypes, within LHCD starting:
= Collect all the use cases, available and used resources, code developed, etc.
= Identify the users needs for next round of analysis
= Proceed with a structured activity that may led:
o Different AF configurations depending on the site: CERN may need something
dedicated to incorporate HLT1, exploit what available in country, design a
dedicated configuration, ect.
o Definition and identification of mandatory LHCb-specific requests
Nik[hef
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LHCb ANALYSIS MODEL

A
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Sebastian Neubert and Mindaugas Sarpis
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Workflow could be deployed to REANA to check it works.
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OPERATIONS STATISTICS RUN 3

Quantity unit H Run'1l Run?2 H UTDR ‘ 2022 ‘ Tot/Avg
Peak Luminosity Lpeak ub~T/s || 480 447 2000
Average Luminosity Lavg ub~t/s || 298 268 2000
Seconds of running t 100 s 10.5 20.0 5.0
Integrated luminosity Jcat bt 3.2 6.4 5.0
Bunches Ny 1320 2193 2808
Energy E Tev 8 13 14
Inelastic cross-section Tinel mb 66 7 80
Charged multiplicity %ﬁ 6 6

bb cross-section (acc.)  o,p ub 79 144

pp interactions/BX  p = L:c"ﬁb 132 0.83 5.07
Non-empty rate fincNp(1 — e #) MHz 10.8 14.0 31.4
Avg. MB rate GinelLavg MHz 19.7 20.7 160.0
Peak particle flow 4ty Loy 10° 189 207
Irradiation S oinel [LdE 1070 13 30

bb yield o5 Ldt 10° 254 922

Output rate AHLT kHz 3.7 6.6 10.8
Stored events (bkk) ATt 10° 39 133 54
Event size Sev kB 56 56 61
HLT B/W SevAHLT MB/s 212 371 659
Total storage SevAHLTE EB 2.2 7.4 3.3

TDR values for 1 typical year of running
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[JINST 14 (2019) P04013, arXiv:1812.10790]

LHCb TRIGGER IN RUN 2

Events are buffered on disk (10 PB) while LHCb Run 2 Trigger Diagram
calibrations are being run.
=» Offline-quality trigger objects L r 1
available for analysis_ LO Hardware Trigger : 1 MHz

readout, high Er/Pr signatures

@ Disk =» more CPU. The full — Y X
reconstruction can also be run during =) oem ) 9
LHC downtime. .3 AT T )
1 : Software High Level Trigger .
0.9 Cb Partial event reconstruction, select
5 0.8 Disk biffer usage displaced tracks/vertices and dimuons
8 8; to 28/11/2017 P
"',5 . Buffer events to disk, perform online
&1 0.5] detector calibration and alignment
g 04 .
¥ 03 7 — - -
= 0.2 Full o_ffllne-_llke event sele_ctlon: mixture
o 0'1 of inclusive and exclusive triggers
0

20 2% 0 B éoalmggr W‘ng 12.5 kHz (0.6 GB/s) to storage
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[LHCb, JHEP 01 (2022) 166, arXiv:2107.10090]

CHARGED MULTIPLICITY AT 4/s = 13 TEV
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[LHCb, JHEP 01 (2022) 166, arXiv:2107.10090]

CHARGED MULTIPLICITY AT 4/s = 13 TEV

This paper cites all high-level soft-
ware used in the analysis. Why
don’t we always do this?
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